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▼Whole mount in situ hybridization is an essential tool
for visualizing gene activity in entire organisms, and is
widely used to study developmentally regulated genes (Ref.
1). Most of the work using these techniques is focused
on the analysis of gene expression during embryonic de-
velopment. A number of organisms, however, undergo
other developmental phenomena in addition to embryonic
development. Among them, freshwater planarians (Platy-
helminthes, Turbellaria, Tricladida) are known for their
great power of regeneration: an excised piece of any re-
gion of the body is able to regenerate an entire animal (Ref.
2). This feature, together with the phylogenetic position of
the planarians at the base of tripoblastic organisms (Ref.
3), make planarians a useful and widely used system for
the study of developmental phenomena including regener-
ation. To study gene expression during planarian regenera-
tion, whole-mount in situ hybridization is clearly essential.
Although whole-mount in situ hybridization techniques
have been greatly improved in the last few years for a va-
riety of organisms, they still have a number of limitations.
Problems include insufficient probe penetration and trap-
ping of the probe in body cavities. The extent of these prob-
lems increases when attempting to use the whole mount in
situ hybridization technique on adult organisms.While em-
bryos are protected by extra-embryonic membranes and/or
coverings (chorion, shell, etc.) that are relatively easy to
remove, adult organisms are protected by an epithelium,
making an almost impenetrable border between the inner
and the outer environments. The epithelium, as part of the
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body, is not as easy to remove as an embryonic membrane.
Adult organisms are also usually formed by more cohesive
tissues than embryos. These factors may make probe pene-
tration much more difficult. A protocol for whole-mount in
situ hybridization in planarians has recently been reported
(Ref. 4). This method uses macerative solution during fixa-
tion to increase probe penetration. Our protocol, however,
uses a different approach to solve probe penetration prob-
lems. The use of a high concentration of detergent in the
pre-hybridization and hybridization steps and a higher con-
centration of proteinase K allows probe penetration to all
planarian tissues and preserves morphology.
Our protocol is similar to described procedures (Ref. 5) for
hybridization of digoxigenin (DIG)- or fluorescein isothio-
cyanate (FITC)-labelled RNA probes, which are detected us-
ing antibody−alkaline phosphatase conjugated and stained
with 4-nitro-blue-tetrazolium chloride/5-bromo-4-chloro-
3-indolyl-phosphate, toluidine salt [NBT/BCIP (Boehringer
Mannheim)]. Modifications are described below.
Removal of the mucus
Before fixation, planarians are treated in 1% cysteine chlo-
ride in spring water (pH 7−7.5) for 1 min, and then washed
twice in spring water.
Permeabilization of the organisms
Planarians are incubated in 50−100 µg/ml proteinase K
(Sigma; P-4914) in phosphate-buffered saline (PBS), 0.3%
Triton X (Sigma; X-100) until all epidermal cells have been
removed (for Girardia tigrina, approximately 2−2.5 h at
37◦C with gentle shaking of the organisms from time to
164 www.sciencedirect.com 1366-2120 c©1997 Elsevier Ltd. All rights reserved. PII: S1366-2120(08)70073-4
Technical Tips Technical Tips Online, Vol. 2, 1997
time). This incubation has to be as short as possible to
preserve morphology. In addition, over-long proteinase K
treatment decreases probe hybridization or even prevents
it completely. Thus, incubation time should be checked
for each enzyme batch, for each species and for each or-
ganism size. Alternatively, planarians can be incubated in
RIPA (150mMNaCl, 1%Nonidet-P-40, 0.5% sodiumdeoxy-
cholate, 0.1% SDS, 1 mM EDTA, 50 mM Tris pH 8.0)(Ref.
1) for 20−30 min (3 changes) at room temperature before
proteinase K treatment in order to increase permeabiliza-
tion. If the RIPA treatment is used, the proteinase K treat-
ment (50−100 µg/ml in RIPA solution) can be shortened to
30−60 minutes at room temperature. The removal of the
epidermal cells can be seen under a dissectingmicroscope as
they fall away in thin epithelial films. If the epidermal cells
are not removed, they go completely black within a few
minutes of NBT/BCIP staining in both antisense and sense
hybridizations as well as in non-hybridyzed organisms (or-
ganisms which have followed all of the in situ procedure
with the exception of the hybridization step). This makes
it impossible to detect hybridization within this tissue. For
intact organisms, we usually perform RIPA treatment as the
colorimetric reaction time decreases substantially (and sub-
sequently the background) because of the higher probe pen-
etration. For regenerating planarians, however, we usually
perform proteinase K permeabilization as RIPA treatment
slightly damages blastema morphology, resulting in an in-
crease of background within this structure.
Hybridization
To increase probe penetration during hybridization, we in-
creased the amount of Tween-20 detergent used in the pre-
hybridization and hybridization mix 5−10 times; that is,
1−2% of Tween-20 (Sigma; P-1379) instead of the typical
0.2%. When using 0.2% Tween-20 in the hybridization so-
lution, only the most external tissues show hybridization.
Increasing the detergent concentration does not decrease
probe hybridization but greatly increases probe penetra-
tion.
These modifications will probably prove applicable to a
wide variety of other experimental systems with known dif-
ficulties for probe penetration, such as late-stage embryos,
lens, spleen, etc.
As an illustration, we show here the hybridization of an
intact and regenerating adult of Girardia tigrina with tcen49
and Dth-1 antisense probes (Ref. 6, 7) (Fig. 1). The tcen49
antisense probe is a 348-nucleotide transcript generated
by EcoRI linearization and T7 transcription, and the Dth-
1 antisense probe is a 700-nt transcript generated by EcoRI
linearization and T3 transcription. The tcen-49 probe hy-
bridizes with cyanophilic secretory cells scattered through
FIGURE 1. Adult Girardia tigrina hybridized with tcen49 (a, b) and
Dth-1 (c) antisense probes using the modified protocol as described in
the text: (b) was treated with proteinase K for 2.5 h; (a) and (c) were
treated with RIPA solution and then with proteinase K for 30 min. (a)
Intact organism hybridized with tcen49 antisense probe. (b) Three-day
regenerating organism cut at prepharyngeal level and hybridized with
tcen49 antisense probe. (c) Intact organisms hybridized with Dth-1
antisense probe. Anterior is to the left. Abbreviations: e, eye; ph,
pharynx. Bar = 1 mm.
the parenchyma of the central body region of the organ-
ism (Ref. 8), and Dth-1 is expressed in the gastrodermal
cells (Ref. 7). To visualize the stained internal cells and tis-
sues clearly from the unstained surrounding tissues, high-
intensity illumination is needed. Unfortunately, this makes
the unstained tissues appear almost completely white and
lacking in detail. Hybridization with these probes is a good
test for probe penetration as the gastrodermis is the most
internal tissue of these organisms and cyanophilic secretory
cells are present both in internal and more external loca-
tions within the parenchyma. Photography was performed
using a Zeiss Stemi SV 6 (Carl Zeiss) dissecting microscope
(dark field) connected by a Sony video camera (Sony) to
a Macintosh Centris computer running Adobe Photoshop
software.
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Products Used
5-bromo-4-chloro-3- indolylphosphate: 5-
bromo-4-chloro-3- indolylphosphate from Boehringer
Mannheim
BCIP: BCIP from Boehringer Mannheim
proteinase K: proteinase K from Sigma
proteinase K: proteinase K from Boehringer
Mannheim
proteinase K: proteinase K from QIAGEN GmbH
Proteinase K: Proteinase K from PE Applied Biosys-
tems
Triton X: Triton X from Sigma
Tween 20: Tween 20 from Sigma
Zeiss Stemi SV 6: Zeiss Stemi SV 6 from Carl Zeiss
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